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CERAMIC BASE MATERIAL 



BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention relates to a ceramic base. material including sintering 
agents as an auxiliary constituent, particularly a ceramic base material 
including uniformly distributed sintering agents that contribute to the small 
heat distortion of the base material. 



Sintering agents have been used for facilitating the sintering of ceramics. 
Particularly, when a ceramic consists mainly of a non-oxide, such as nitride or 
carbide, which is responsible for difficulty in sintering, sintering agents are 
indispensable to obtain a closely -packed structure. A ceramic consisting mainly 
of nitride such as aluminum nitride or silicon nitride cannot be packed closely 
without the aid of sintering agents unless the ceramic is sintered at high 
temperature and high pressure. In other words, sintering agents play an 
important role in these types of ceramics. For example, aluminum nitride 
ceramics, which consist mainly of aluminum nitride, have been aided by 
compounds of alkaline earth elements (Ha group) or compounds of rare earth 
elements (la group) as described in unexamined published Japanese patent 
applications Tokukaisho 63-190761, Tokukaisho 61-10071, and Tokukaisho 60- 
71575 and published Japanese patent 2666942. Almost the same is applicable 
to silicon nitride ceramics. These constituents in sintering agents react with 



Description of the Background Art 



impurities in the main constituent of ceramics during the sintering process, 
melt, facilitate the formation of closely -packed structures, and finally form the 
boundary phases between the crystal grains of the main constituent. 

In order to make a ceramic sintered body homogeneous, it is necessary to 
distribute the grain-boundary phases uniformly, which contain the 
constituents of sintering agents, throughout the sintered body. To achieve this, 
reducing the quantity of sintering agents, evenly mixing material powders, and 
other various means have been devised. For instance, examined published 
Japanese patent application Tokukohei 7-121829 discloses a method in which a 
formed body including sintering agents is buried in carbon to be sintered for no 
less than four hours so that the remaining sintering agents are reduced to a 
minimal quantity to yield high thermal conductivity and total homogeneity. 
Another application Tokukaihei 1-203270 discloses a method in which a small 
amount of minute organometallic salt is added into sintering agents to achieve 
uniform mixture of material constituents. 

However, the method of Tokukohei 7-121829 allows a large amount of 
evaporation of sintering agents from the surface of a sintered body due to 
prolonged sintering, resulting in non-uniform distribution of sintering agents 
in the completed sintered body. The prolonged sintering also increases the 
energy cost. The method of Tokukaihei 1-203270 uses a smaU quantity of 
sintering agents and hence requires sintering at high temperature, raising the 
possibility of the problems described above. On aluminum nitride ceramics, 
silicon nitride ceramics, and other ceramics that require the use of sintering 
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agents for acquiring a closely-packed structure, studies have been concentrated 
on the sintering agents in order to improve their practical performance, such as 
an increase in thermal conductivity of aluminum nitride ceramics and an 
increase in mechanical strength of silicon nitride ceramics. Consequently, a 
5 number of studies have been done on a host of sintering agents and on the 
control of the quantity of the sintering agents. On the other hand, only a small 
number of studies have been made thus far on the uniform distribution of 
sintering agents, so that sufficient results are yet to be reported. 

SUMMARY OF THE INVENTION 

10 Focusing attention on the above-mentioned points, the present inventors 
conducted a close study to verify that insufficiently distributed sintering agents 
in a sintered body aggravate the distortion of the sintered body through the 
heat treatment after the sintering. We demonstrated that ceramics consisting 
mainly of nitride are particularly liable to distort through the heat treatment 

15 in an oxidative atmosphere. An as-sintered laminar ceramic base material 
increases its sintering-produced warp through the heat treatment after the 
sintering. With a plate-shaped base material of which both the main surfaces 
are ground to become parallel with each other, subsequent heat treatment 
reproduces the warp. For instance, when aluminum nitride ceramic laminae 

20 were used to fabricate substrates for hybrid ICs, various combinations of 
thick-film circuit patterns each made of Ag, Ag-Pd, Cu, or other metal were 
formed on the ceramic base materials, and then an insulating layer made of 
oxide glass was paste-printed and baked in the atmosphere. In this case, the 
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warp of the ceramic base materials was seen to increase through the baking 
process. The present invention has been conducted on the basis of the above 
findings. The challenge for the present inventors is to uniformly distribute 
sintering agents throughout a sintered ceramic base material and thereby 
5 reduce the above-mentioned additional distortion caused by the heat treatment 
after the sintering. 

In order to solve the foregoing problems, the ceramic base material offered by 
the present invention has a small difference in the quantity of sintering agents 
between the two main-surface sides. More specifically, the ceramic base 
10 material of the present invention includes sintering agents and satisfies the 
following formula: 
a/b ^ 1.3, 

where a: the larger of cl and c2, 
b: the smaller of cl and c2, 
15 cl: the ratio "k" at a main-surface side, 

c2: the ratio "k" at the other main-surface side, 
k = s/m, 

s: the fluorescent X-ray-detected strength of the constituent elements of the 
sintering agents, 

20 m: the fluorescent X-ray-detected strength of the main-constituent elements. 

In other words, the ceramic base material of the present invention does not 
exceed a 30% difference in the quantity of the sintering-agent between the two 
main surfaces. 
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The present invention offers a ceramic base material in which the ceramic 
consists mainly of nitride. The present invention further offers a ceramic base 
material in which the ceramic is an aluminum nitride ceramic. 

The present invention enables the control of uniform distribution of sintering 
5 agents in a ceramic base material, suppressing the distortion after the 
sintering to a level that will not be harmful in use. It also unprecedentedly 
suppresses the increment in distortion of a base material during the heat 
treatment in the atmosphere for mounting semiconductor elements. As a result, 
the present invention offers a highly reliable ceramic base material that is 
10 capable of maintaining high precision in dimensions with stability during the 
manufacturing process and in practical use. 

BRIEF DESCRIPTION OF THE DRAWING 
The accompanying figure explains the procedure for determining the warp of 
a plate-shaped base material in the present invention. 
15 DETAILED DESCRIPTION OF THE INVENTION 

As mentioned above, the ceramic base material offered by the present 
invention includes sintering agents and does not exceed a 30% difference in the 
quantity of sintering agents between the two main-surface sides. In the present 
invention, the quantity of the sintering agents is expressed by the ratio of the 
20 total strength of the fluorescent X-ray peaks on the constituent elements of the 
sintering agents to the strength on the main constituent element. Although 
this data is not obtained by chemical analysis, this should be considered 
insignificant, because we demonstrated that there is no virtual difference 
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between the fluorescent X-ray-peak strength and the chemical analysis data 
when a strength ratio, or a quantity ratio, is adopted for the same population or 
for the populations manufactured in the same lot. 

The determination procedure of the ratio of fluorescent X-ray-peak strength 
5 is explained by using examples in the following: For example, with an 
aluminum nitride ceramic sintered body having yttrium oxide (Y 2 0 3 ) as the 
sintering agents, the quantity of the sintering agents, or the quantity 
corresponding to the concentration of the sintering agents at the measured 
point, is expressed in the following formula: 
10 Y/(X + Y), 

where Y: the peak strength (a count number or a recorded peak pattern's area) 
of fluorescent X-rays of the Y element in the yttrium oxide as the constituent of 
the sintering agents, and 

X: the corresponding strength of the Al element in the aluminum nitride as the 

15 main constituent. 

With an aluminum nitride ceramic sintered body having a combination of 
calcium oxide (CaO) and yttrium oxide (Y 2 0 3 ) as the sintering agents, the 
quantity of the sintering agents is expressed in the following formula: 
(Y.+Y^/CS + Y^Y^ 

20 where Y x : the peak strength of fluorescent X-rays of the Ca element, 
Y 2 : the corresponding strength of the Y element, and 

X: the corresponding strength of the Al element in the main constituent. 
Likewise, when a number of constituents are used as sintering agents, the 
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quantity of the sintering agents is expressed in the following formula: 
EY/(X+ 2Y), 

where S Y: the summation of the peak strengths of all the constituent 
elements. 

5 In a sintered body, constituents of the sintering agents usually react with 
part of the main constituent and impurity elements in the main constituent to 
form resultant compounds. For instance, aluminum nitride as the main 
constituent and yttrium oxide as the sintering agents produce yttrium 
aluminate as a compound. Similarly, aluminum nitride as the main constituent 

10 and a combination of yttrium oxide and calcium oxide as the sintering agents 
produce yttrium aluminate, calcium aluminate, yttrium calcium aluminate, 
and other compounds. In the present invention, the quantity of sintering 
agents is expressed by the existent quantity of the constituent elements of the 
sintering agents without regard to the formation of compounds. The highest 

15 peak pattern is used to determine the peak strength of fluorescent X-rays. 
When a number of sintering agents are used and if peak positions of some of 
them overlap with one another, the peak strength of the overlapping sintering- 
agent elements is used as the value of "Y" described above. If the peak position 
of the main-constituent element overlaps with the peak position of a sintering- 

20 agent element, the value of the overlapping peak strength is allocated to the 
two elements in accordance with their weight ratio at the time of mixing for 
convenience to obtain their respective values of the peak strength. 

As described earlier, in a ceramic base material including sintering agents, 
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the magnitude of distortion of a sintered body after the heat treatment 
increases with increasing difference in the quantity of the sintering agents 
between the two main-surface sides. In other words, with a plate -shaped base 
material having two main surfaces, the magnitude of a warp produced by the 
5 sintering is amplified by the succeeding heat treatment according to the 
difference in the quantity of the sintering-agent constituents between the two 
main surfaces. Not only the magnitude of the distortion is affected by the 
main- surface size and shape of a base material but it also increases with 
increasing the frequency of sintering. We confirmed that the quantity 

10 difference exceeding 30% significantly increases the magnitude of distortion 
(warp in the case of a plate-shaped base material, for instance) and that the 
quantity difference not more than 30% generally decreases the increment in 
distortion. It is more desirable to reduce the quantity difference to 15% or less, 
because this further decreases the increment in distortion. In other words, the 

15 ceramic base material of the present invention includes sintering agents and 
decreases the increment in distortion after the heat treatment following the 
sintering by satisfying the following formula: 
a/b ^ 1.3, 

where a: the larger of cl and c2, 
20 b: the smaller of cl and c2, 

cl: the ratio "k" at a main- surface side, 

c2: the ratio "k" at the other main- surface side, 

k - s/m, 
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s: the fluorescent X-ray-detected strength of the constituent elements of the 
sintering agents, 

m: the fluorescent X-ray-detected strength of the main-constituent elements. 
The ceramic base material of the present invention further decreases the 
5 increment in distortion when it satisfies the following formula: 
a/b ^ 1.15, 

where the definition of "a" and "b" is the same as before. 

Though the mechanism remains uncertain, the oxidation phenomena of a 
base material seem to aggravate the distortion of the base material according 

10 to the difference in the quantity of the sintering agents, because this 
aggravation notably appears when a non-oxide ceramic sintered body is heat- 
treated in an oxidative atmosphere. For instance, the difference in the 
oxidation rate is considered to develop in the base material. We also confirmed 
that a ceramic consisting mainly of nitride shows this aggravation more 

15 remarkably than other non-oxide ceramics. With a ceramic consisting mainly 
of nitride, a non-oxidative sintering atmosphere is considered to help 
volatilization of added oxide-based sintering agents, causing easy development 
of a concentration difference of the sintering agents in a sintered base material. 
Incidentally, a silicon nitride ceramic is more noticeable in this phenomenon 

20 than a silicon carbide ceramic. An aluminum nitride ceramic shows this 
phenomenon more remarkably than other nitride ceramics. 

Such a phenomenon is affected by the sintering method of a sintered body. 
The following is the explanation of the method for manufacturing the ceramic 
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base material of the present invention: 

The first method for preventing the uneven distribution of the sintering 
agents is to provide a setter between the formed bodies when they are charged 
into a sintering furnace. The setter should be made of a permeable high- 
melting-point metal or ceramic that is nonreactive with the constituents of the 
sintered bodies under sintering conditions and is free from softening and 
deformation. In comparison with the case where a number of formed bodies are 
placed together directly contacting one another during the sintering, the above 
method reduces the difference in the volatilization rate of sintering agents 
between the surface facing another formed body and the surface directly 
exposed to the sintering atmosphere, resulting in the reduction of the 
difference in the quantity of the sintering agents between the two surfaces 
after the sintering. In this method, it is recommended that a setter be placed on 
the uppermost formed body and under the lowermost formed body in addition 
to the setters between the formed bodies so that every formed body contacts a 
setter on either of the main surfaces. This enables the setters to evenly absorb 
the sintering agents that seep out of the two main surfaces of a formed body. 

In order to suppress the distortion of a formed body during the sintering, it is 
desirable that a setter have a smooth surface and be small in undulation and 
unevenness over the entire surface. It is recommended that the roughness of 
the surface be comparable to the intended surface roughness of the sintered 
body. Depending on the application of the base material, it is desirable that the 
surface roughness be 5 Mm or less in Rmax in most cases when the base 
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material is used as a substrate for mounting semiconductor devices. A setter 
that meets the foregoing requirements is most suitably provided by the 
following method: first, a high-melting-point metal or carbon is used to produce 
bundled short fibers, wool, or cloth; second, the fibers, wool, or cloth is 
5 impregnated with ceramic constituents that are stable and nonreactive with 
the formed body at high temperatures; finally, the ceramic-impregnated body is 
press-formed. Formed bodies having a particular size or shape allow the use of 
the following material as a setter: (a) a sheet-shaped formed body made of a 
pure nitride ceramic that is stable at high temperatures such as porous boron 
10 nitride (BN); (b) a thin punched plate made of a nitride ceramic. 

The second method for preventing the uneven distribution of the sintering 
agents is applied to a sintering method in which all the formed bodies are 
stacked. In this method, the sintering is carried out by burying the stacked 
formed bodies in a powder so that the powder can lie between the neighboring 
15 surfaces of the formed bodies. The powder should be nonreactive with the 
formed bodies under the sintering conditions (a powder including the above- 
described constituents, for example) or should be made of the main constituent 
of the formed body. In this case, it is desirable to place a setter made of the 
same material or a sheet made of the same material under the lowermost 
20 formed body in order to support the weight of the set of the formed bodies. The 
sheet should be low in bulk density and capable of maintaining the shape at 
the time of sintering. A thin layer of the setter material that is nonreactive 
with the formed body may also be formed beforehand over the entire surface of 
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the individual formed bodies. These arrangements enable the equalization of 
the contact conditions of a formed body's surfaces with the atmospheric gas 
between the surface that is exposed to the atmosphere and the surface that 
faces another formed body's surface. As a result, both types of surfaces are 
treated under nearly the same atmospheric and heating conditions. 

The first and second methods enable the reduction of the foregoing a/b ratio 
of the quantity of the sintering agents in a sintered body to 1.3 or less without 
regard to the size of a formed body. The ratio can be further reduced to 1.15 or 
less with a formed body having comparatively small dimensions. For the 
reduction of the ratio, it is also effective to practically stop the flow of the 
atmospheric gas or reduce the feeding rate of the gas from the outside at the 
melting point of the sintering agents or higher so that the effect of the flow of 
the atmospheric gas is reduced. For example, first, formed bodies are charged 
in a sintering furnace as explained above, and then the flow rate of the 
atmospheric gas is reduced at or above the melting point of the sintering agents. 
In the continuous-feed sintering under normal nitrogen pressure, in the case of 
aluminum nitride ceramics, a gas flow rate at the time of temperature rising is 
about 20 to 50 liter/min and it is desirable that the gas flow rate at or above the 
melting point of the sintering agents be reduced to 5 to 30 % or so of the gas 
flow rate at the time of temperature rising. Here the ratio of the gas flow rate 
at the melting point of the sintering agents or higher to the flow rate at the 
time of temperature rising is defined as !, r". In this case, the gas pressure 
inside the furnace is maintained at about the atmospheric pressure. It is 
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desirable that nearly the same "r" be adopted for other ceramics. The 
combination of the first or second charging method and the foregoing control of 
atmospheric conditions enables the reduction of the foregoing a/b ratio of the 
quantity of the sintering agents in a sintered body to 1.20 or less without 
regard to the size of a formed body. The combination can further reduce the 
ratio to 1.10 or less with a formed body having comparatively small dimensions. 
In the present invention, the setter used for sintering has a long life and is 
capable of enduring repeated use. 

Means for obtaining features of the base material of the present invention 
are not limited to the above-mentioned means. For instance, it is possible to 
modify the method for charging formed bodies in a sintering furnace and 
sintering conditions in accordance with the shape and handling quantity of 
formed bodies. It is important to carry out proper measures not only for 
controlling the atmospheric and temperature conditions that govern the 
balance of the movement of the molten constituents of the sintering agents 
within the formed body and to the outside but also for achieving the balanced 
exchange of substances between the surfaces of the formed body and their 
surroundings. The method for manufacturing the ceramic base material offered 
by the present invention is not limited to the above-described manufacturing 
methods and the embodiments explained below, provided that the method 
satisfies the above-mentioned manufacturing principle. 

In the present invention, the determination procedure for the warp of a 
ceramic base material is illustrated in the accompanying figure. A ceramic base 
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material 1 is placed on a surface plate 2 as shown in the figure. A laser source 3 
emits laser light 4. The light 4 scans diagonally from a corner of the 
rectangular surface of the base material 1 to the other corner to measure the 
distance "d" continuously. (A circular main surface is scanned diametrically, 
and an elliptic main surface major-axially.) A maximum difference dm ax in the 
distance "d" is determined down to the order of tfm. (Referring to the figure, if 
"d" assumes a maximum value at "a M , the value is expressed in da; if "d" 
assumes a minimum value at "b", the value is expressed in db. Then, we obtain 
dmax = da - db.) 

A value obtained by dividing the value of dmax by the total scanned distance 
(a length "L" expressed in mm when the "L" shows a diagonal distance in the 
figure) is defined as a warp (expressed in Mm/mm). 

In the present invention, a warp immediately after the sintering is measured 
on an as-sintered sample in principle. If the sample is large in surface 
roughness, both the surfaces are roughly ground to attain a surface roughness 
Ra of 0.3 lira or less. The reason for rough grinding is that excessive grinding 
may alter the warp conditions produced by the sintering. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

EXAMPLE 1 

The following powders were prepared: 
The main constituents: 

an aluminum nitride (A1N) powder having an average particle diameter of 1 
Mm, 
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a silicon nitride (Si 3 N 4 ) powder having an average particle diameter of 1 Mm, 
and 

an aluminum oxide (A1 2 0 3 ) powder having an average particle diameter of 1 
Mm. 

The sintering-agent constituents: 

a Y 2 0 3 powder having an average particle diameter of 0.6 M m, 
a CaO powder having an average particle diameter of 0.3 M m, 
an Nd 2 0 3 powder having an average particle diameter of 0.5 M m, 
a Yb 2 O a powder having an average particle diameter of 0.6 M m, 
an Si0 2 powder having an average particle diameter of 0.8 Mm, and 
an MgO powder having an average particle diameter of 0.7 Mm. 

Table 1 shows the combination and weight ratios of powders for individual 
samples. The powders were mixed by a ball mill for 24 hours together with an 
ethanol solvent. Samples 26 to 29 having an aluminum oxide as the main 
constituent are different from other samples in showing their constituents and 
weight ratios in Table 1; their chemical formulae are followed by a used weight 
percent. The mixed powders were further mixed with an organic binder PVB, of 
which the amount was 10 parts by weight per 100 parts of the total powders, to 
provide a mixed slurry. The slurry was converted into the form of a sheet by the 
doctor blade method. The thickness of the sheet was adjusted to become 0.5 
mm after the sintering. Formed bodies were cut from the completed sheets to 
become a 100-mm square after the sintering. Subsequently, the binder was 
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removed from the formed bodies. 

Various materials for setters and powders were prepared as shown in the 
column "charging method for sintering" in Table 1. The samples were sintered 
with these materials, charging methods, and sintering conditions as shown in 
Table 1. The atmospheric gas was nitrogen (N 2 ) for all samples as shown in 
Table 1. The gas was supplied at a flow rate of 30 liter/min during the 
temperature rising and cooling periods below the melting point of the sintering 
agents and at a flow rate of 30 liter/min multiplied by "r" shown in Table 1 
during the period where the temperature was the melting point of the sintering 
agents or higher. For example, the flow rate was reduced to 4.5 liter/min for 
Sample 1 and 15 liter/min for Sample 16 during the period where the 
temperature was the melting point of the sintering agents or higher. With 
Sample 17, since the V was 100%, the flow rate was maintained at 30 
liter/min during the whole period of sintering. The temperature in Table 1 
shows a maximum temperature at which the samples were kept for four hours. 

With Samples 1 to 17, 21, 26, and 27, a setter made of a BN sintered body 
with a surface roughness Rmax of 5 Mm was provided under five stacked 
formed bodies, and a setter consisting mainly of the material shown in Table 1 
was provided between the formed bodies and on the uppermost formed body. 
All the setters have the same thickness of 0.5 mm. Of the setters, those for 
Samples 1 to 8, 21, 26, and 27 were prepared by press-forming the material 
shown in Table 1, impregnating a paste consisting mainly of a pure BN powder 
into the formed body, and heat-pressing the paste-impregnated formed body to 
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obtain the form of a sheet. The setter for Sample 9 was a punched sintered 
plate of which the total volume of the through holes accounted for 30% of the 
total volume of the plate. The setters for Samples 10 to 17 were prepared by 
sintering a formed body made of the powder material shown in Table 1 at 
5 1800*C in nitrogen. With Samples 18 to 20, five formed bodies were stacked on 
a setter made of a BN sintered body similar to that mentioned above and were 
embedded in the powder shown in the column "Charging method for sintering", 
with a powder layer made of the same material being placed between the 
formed bodies. With Samples 22, 23, and 28, five formed bodies were stacked on 
10 a setter made of a BN sintered body having a surface roughness Rmax of 5 

fl m. With Samples 24, 25, and 29, only one formed body was placed without 
using a setter in a closed container made of the same BN sintered body as used 
for the foregoing setter. The surface roughness of the setters is shown in Rmax 
in the column "Charging method for sintering" in Table 1. 
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Table 1 



Sample 
No. 


Combination and weight ratios of 
powders (wt.%) 


Charging method for 
sintering 


Sintering atmosphere 
and temperature 


A1N 


Si 3 
N 4 


Y 2 0 3 


CaO 


Nd 2 

o 3 


Yb 2 

o 3 


Setter 


Gas 


r 

(%) 


Tempera 
ture 

0C) 


Material and 
type 


Rmax 
(ttm) 


1 


97.0 


- 


3.0 


- 


- 


- 


W wool 


4 


N* 


15 


1850 


2 


97.0 


- . 


3.0 


- 


- 


- 


BN plate 


4 


N 2 


15 


1850 


3 


97.0 


- 


1.5 


1.5 


- 


- 


W wool 


4 


N, 


15 


1700 


4 


97.0 


- 


1.5 


1.5 


- 


- 


Zr0 2 cloth 


4 


N, 


15 


1700 


5 


97.0 


- 


1.5 


1.5 


- 


- 


ZrO, cloth 


2 


N 2 


15 


1700 


6 


97.0 




1.5 


1.5 


- 




ZrO, cloth 


3 


N, 


15 


1700 


7 


97.0 


i — 


1.5 


1.5 




r — 


Zr0 2 cloth 


5 


N, 


15 


1700 


8 


97.0 


- 


1.5 


1.5 


- 


- 


Zr0 2 cloth 


6 


N 2 


15 


1700 


9 


97.0 




1.5 


1.5 






BN plate 


5 


N 2 


15 


1700 


10 


97.0 


- 


- 


0.5 


1.0 


1.5 


BN sheet 


5 


N 2 


4 


1700 


11 


97.0 






0.5 


1.0 


1.5 


BN sheet 


5 


N, 


5 


1700 


12 


97.0 


_ 


- 


0.5 


1.0 


1.5 


BN sheet 


5 


N* 


15 


1700 


13 


97.0 


- 


- 


0.5 


1.0 


1.5 


BN sheet 


5 


N* 


25 


1700 


14 


97.0 






0.5 


1.0 


1.5 


BN sheet 


5 


N, 


30 


1700 


15 


97.0 


- 


- 


0.5 


1.0 


1.5 


BN sheet 


5 


N 2 


32 


1700 


16 


97.0 






0.5 


1.0 


1.5 


BN sheet 


5 


N 2 


50 


1700 


17 


97.0 


_ 


_ 


0.5 


1.0 


1.5 


BN sheet 


5 


N, 


100 


1700 


18 


97.0 






0.5 


1.0 


1.5 


Buried in BN 
powder 




N 2 


32 


1700 


19 


97.0 






0.5 


1.0 


1.5 


Buried in A1N 
powder 




N 2 


32 


1700 


20 




97.0 


1.5 


1.5 






Buried in 
Si 3 N 4 powder 




N 2 


15 


1800 


21 




97.0 


1.5 


1.5 






Si 3 N d Whisker 


3 


N* 


15 


1800 


22 


97.0 






0.5 


1.0 


1.5 


No setter, samples 
stacked 


N 2 


5 


1700 


23 




97.0 


1.5 


1.5 






No setter, samples 
stacked 


N 2 


5 


1800 


24 


97.0 






0.5 


1.0 


1.5 


No setter, one sample 


N, 


5 


1700 


25 




97.0 


1.5 


1.5 






No setter, one sample 


N 2 


5 


1800 


26 


Al,03(89)-CaO(5)-Si0 9 (3)-] 


MgO(3) 


Zr0 2 cloth 


5 


N 2 


15 


1600 


27 


Al 2 O a (89)-CaO(5)-Si0 2 (3)-MgO(3) 


Zr0 2 cloth 


5 


N, 


100 


1600 


28 


Al 2 0 3 (89)-CaO(5)-Si0 2 (3)-MgO(3) 


No setter, samples 
stacked 


N 2 


5 


1600 


29 


Al 2 0 3 (89)-CaO(5)-Si0 2 (3)-MgO(3) 


No setter, one sample 


N, 


5 


1600 



Note: Sample Nos. 22, 23, 24, 25, 28, and 29 are comparative examples. 



On the completed samples thus provided, "a" and "b," i.e., the quantities of 
the sintering agent-elements in the regions neighboring the surfaces, and a 
warp in the direction of thickness were determined by the methods described 
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earlier. Before the determination, both surfaces were roughly brush-ground to 
obtain a surface roughness of 0.3 Mm in Ra. Measurements on several samples 
showed that the warp measured after the grinding was practically the same as 
the warp measured before the grinding. After the brush- grinding, the samples 
5 were heat-treated at 850 *C for an hour in the atmosphere. Table 2 shows the 
quantity ratio of the sintering agents between the two surfaces of the sintered 
body (a/b), the warp after the sintering, and the increment in the warp after 
the heat treatment. 



# * 
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Table 2 



U Q Hip 1C 

No: 


Quantity ratio of sintering agents 

hptwPAH trio 4-Tir /-v cni^o^ao 

sintered body 

(a/b) 


vvdxp cll Lex Lue suiLenng 
( it vc\lvc\vc\\ 

\ kill 11.1 1 JL1 J 


Increment in the 
warp after heat 

( 11 m/mm) 


1 


1.10 


8.9 X 10 2 


1.4 X 10* 2 


2 


1.03 


8.5 X 10 2 


1.2 X 10' 2 


3 


1.02 


8.3 X 10- 2 


1.1 X 10 2 


4 


1.03 


8.4 X 10" 2 


1.0 X 10' 2 


5 


1.12 


8.8 X 10 2 


1.3 X 10" 2 


6 


1.14 


9.1 X 10 2 


1.5 X 10 2 


7 


1.15 


9.0 X 10 2 


1.6 X 10* 2 


8 


1.10 


8.8 X 10 2 


1.4 X 10* 2 


9 


1.10 


8.8 X 10 2 


1.4 X 10" 2 


10 


1.12 


8.9 X 10 2 


1.4 X 10 2 


11 


1.04 


8.6 X 10' 2 


1.2 X 10" 2 


12 


1.03 


8.5 X 10 2 


1.2 X 10" 2 


13 


1.03 


8.5 X 10* 2 


1.2 X 10* 2 


14 


1.05 


8.7 X 10 2 


1.3 X 10' 2 


15 


1.16 


9.0 X 10 2 


1.8 X 10" 2 


16 


1.18 


9.2 X 10' 2 


1.9 X 10 2 


17 


1.21 


9.9 X 10 2 


2.0 X 10* 2 


18 


1.23 


9.9 X 10 2 


2.0 X 10" 2 


19 


1.10 


8.8 X 10 2 


1.3 X 10 2 


20 


1.14 


8.0 X 10 2 


0.9 X 10 2 


21 


1.15 


8.1 X 10 2 


0.8 X 10 2 


22 


1.45 


10.0 X 10 2 


21.5 X 10 2 


23 


1.34 


9.4 X 10 2 


15.5 X 10- 2 


24 


1.34 


12.6 X 10 2 


5.0 X 10 2 


25 


1.31 


12.0 X 10 2 


3.6 X 10 2 


26 


1.02 


6.0 X 10 2 


1.3 X 10 2 


27 


1.10 


6.4 X 10 2 


1.1 X 10 2 


28 


1.33 


18.1 X 10 2 


-0.6 X 10 2 


29 


1.31 


14.3 X 10 2 


0.6 X 10 2 



Note: Sample Nos. 22, 23, 24, 25, 28, and 29 are comparative examples. 

5 

The data in Table 2 demonstrate that the provision of setters reduces the 
distortion (warp) of sintered bodies. With aluminum oxide ceramics, the 
provision of setters significantly reduces the warp after the sintering and 
reduces the increment in the warp after the heat treatment following the 
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sintering, showing the considerable effectiveness of the method offered by the 
present invention. It is evident that aluminum oxide ceramics are far smaller 
than ceramics consisting mainly of nitride in the increment in the warp after 
the heat treatment in an oxidative atmosphere after the sintering (one sample 
5 even showed a slight decrement instead of increment). This is because ceramics 
consisting mainly of oxide are minimally affected by the oxygen in the 
atmosphere since the heat treatment is carried out in an oxidative atmosphere. 
On the other hand, with ceramics consisting mainly of nitride, we found that 
the provision of setters has a great effect on the magnitude of distortion and on 
10 the reduction of the increment in the distortion after the heat treatment. This 
effect is greater on aluminum nitride ceramics than on silicon nitride ceramics. 
The foregoing results demonstrate that the reduction of sintering-agent 
quantity difference between the two surfaces expressed in a/b to 1.3 or less 
reduces the distortion after the sintering and particularly reduces the 
15 increment in the distortion after the heat treatment in an oxidative 
atmosphere after the sintering with ceramics consisting mainly of nitride. 
Samples 24, 25, and 29, in which only one formed body was charged, showed no 
equalization of the distribution of the sintering agents after the sintering and 
no reduction in the level of distortion. 

20 

EXAMPLE 2 

An Ag paste was print-applied in a pattern of a 90-mm square onto the 
concave side of the main surfaces of every base-material sample produced in 
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Example 1 to be dried and then baked at 850 *C for 30 minutes in the 
atmosphere. The resultant increment in the warp after the baking was 
comparable in level to that shown in Table 2 on every sample. Subsequently, an 
Si0 2 -Al 2 0 3 -B 2 03-based glass paste was print-applied onto the substrate having 
the Ag layer to be dried and then baked at 800 *C for 30 minutes in the 
atmosphere. The resultant increment in the warp after the baking was about 
one-half in level of that shown in Table 2 on every sample. 



